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(54) System and method for supplying ink to an inkjet cartridge

(57) In a system and method for operating an ink sup-
ply to an inkjet cartridge (106), wherein the ink supply
includes an ink reservoir (200) and an ink tube (114), ink
(214) in the ink reservoir (200) is coupled to ink (210) in

the ink tube (114). Ullage (212) above the ink in the ink
reservoir (200) is coupled with ullage (208) above the ink
in the ink tube (114). Ink from the ink tube (114) is supplied
to the inkjet cartridge (106).
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Description

BACKGROUND

1. Field of the Disclosure

[0001] The present disclosure relates generally to
inkjet printing systems and more particularly a system
and method for supplying ink to one or more inkjet car-
tridges used by systems.

2. Description of the Background of the Disclosure

[0002] High-speed printing systems typically include
one or more imaging units. Each imaging unit has one
or more inkjet cartridges and a controller controls each
inkjet cartridge to eject a fluid (such as ink or other com-
position) onto a receiving surface. Each inkjet cartridge
includes a nozzle plate that includes a plurality of orifices
(nozzles) through which ink from inside the inkjet car-
tridge may be controllably ejected.
[0003] An inkjet cartridge typically includes a fluid
chamber and one or more nozzles. Pressure inside of
the fluid chamber is increased relative to ambient air pres-
sure to force a drop of fluid through the nozzle(s). Some
inkjet cartridges use a piezoelectric element that deforms
a wall of the fluid chamber to reduce the volume thereof
and thereby increase the pressure within the fluid cham-
ber. Alternately, a heating element may be used to va-
porize some of the fluid (or a constituent of the fluid such
as a fluid carrier or a solvent) in the fluid chamber to form
a bubble therein, which increases the pressure inside the
fluid chamber. A controller controls the current that is
passed through the piezoelectric element to control the
deformation thereof or to control the current through the
heating element in turn to control the temperature thereof
so that drops are formed when needed. Other types of
inkj et technologies known in the art may be used in the
printing systems described herein.
[0004] In a printing system, an inkjet cartridge may be
secured to a carrier and disposed such that the nozzles
of the inkjet cartridge are directed toward the receiving
surface. The carrier may be manufactured from steel or
other alloys that can be milled to a high precision. More
than one inkjet cartridge may be secured to a carrier in
this fashion in a one or two-dimensional array. Moscato
et al., Published Patent Application US 2013/0194358
A1, discloses one such apparatus and method for dis-
posing inkjet cartridges in a carrier. Kanfoush et al., Pub-
lished Patent Application WO 2013/040455 A1, discloses
an apparatus and method for disposing an inkjet cartridge
in a mount that may be secured to the carrier.
[0005] Dried ink, dust, paper fibers, and other debris
can collect on a nozzle plate or in a nozzle of an inkjet
cartridge and prevent proper ejection of ink from the noz-
zles thereof. The controller of a printing system can un-
dertake periodic cleaning cycles during which ink is
purged from the nozzle to release any debris in or near

such nozzle. The purged ink and/or debris must be re-
moved from the nozzle plate in the vicinity of the nozzles
so that such purged ink and/or debris does not collect
thereon and dry to create further debris that will later in-
terfere with ejection of ink from nozzles of the cartridge.
Moscato et al., Published Patent Application US
2013/0265365 A1, discloses a system and method of
cleaning inkjet cartridges.
[0006] Ink is supplied to each inkjet cartridge from an
ink reservoir via an ink line. If air becomes trapped in the
ink line and flows into the fluid chamber of the inkjet car-
tridge during printing, such air may interfere with the prop-
er ejection of ink from the nozzles of the inkjet cartridge.

SUMMARY

[0007] According to one aspect of the present disclo-
sure, an apparatus for supplying ink to an inkjet cartridge
includes an ink reservoir and an ink tube. The ink reser-
voir and the ink tube each have ink therein and ullage
above the ink. A first fluid line couples the ink in the ink
reservoir with the ink in the ink tube, and a second fluid
line couples the ullage above the ink in the ink reservoir
with the ullage above the ink in the ink tube. The appa-
ratus also includes a third fluid line that supplies ink from
the ink tube to the inkjet cartridge.
[0008] According to another aspect of the present dis-
closure, a method of operating an ink supply for an inkjet
cartridge, wherein the ink supply comprises an ink res-
ervoir and ink tube, each having ink therein and ullage
above the ink, includes the step of coupling the ink in the
ink reservoir with the ink in the ink tube. The method also
includes the steps of coupling the ullage above the ink
in the ink reservoir with the ullage above the ink in the
ink tube, and supplying ink from the ink tube to the inkjet
cartridge.

BRIEF DESCRIPTION OF THE DRAWINGS

[0009]

FIG. 1A and 1B are combined block and schematic
representations of an inkjet printing system accord-
ing to the present disclosure;
FIG. 2A is a combined block and schematic repre-
sentation of the inkjet cartridges and an embodiment
of an ink supply of the inkjet printing system of FIG. 1;
FIG. 2B is a combined block and schematic repre-
sentation of the inkjet cartridges and another em-
bodiment of an ink supply of the inkjet printing system
of FIG. 1;
FIGS. 3 and 4 are front elevational views of ink tubes
used in the inkjet printing system of FIG. 1;
FIG. 5 is a combined block schematic representation
of a pressurized gas supply used in the inkjet printing
system of FIG. 1; and
FIG. 6 is a combined block schematic representation
of a vacuum generator used in the inkjet printing sys-
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tem of FIG. 1.

DETAILED DESCRIPTION OF THE PREFERRED EM-
BODIMENTS

[0010] Referring to FIG. 1A, a printing system 100 in-
cludes a drum 102 about the circumference of which a
receiving surface 104 may be transported. The receiving
surface 104 may be any medium onto which a material
may be deposited by an ink jet cartridge including paper,
plastic sheet, fabric, foil, and the like. The printing system
100 also includes inkjet cartridges 106 disposed in a car-
rier 108 such that nozzle plates 110 of the inkjet cartridg-
es 106 face an outer surface 112 of the receiving surface
104. Ink is supplied to the inkjet cartridges 106 from ink
tubes 114 via ink lines 116. A common ink supply 118
supplies ink to all of the ink tubes 114a, 114b, 114c, and
114d via a common ink line 120. As described below, a
compressed gas (such as air, an inert gas, or nitrogen)
is supplied at a predetermined pressure from a gas
source 121 to the ink tubes 114 via a gas line 123. At
other times, a vacuum generator 124 is used to develop
a negative pressure in the gas line 123 (i.e. a pressure
lower than the ambient atmospheric pressure). A con-
troller 126 controls the operation of the printing system
100 and the supply of ink thereto.
[0011] Referring to FIG. 1B, in one embodiment, each
ink tube 114a, 114b, 114c, and 114d is supplied by a
different ink supply 118a, 118b, 118c, and 118d, respec-
tively. Therefore, each inkjet cartridge 106a, 106b, 106c,
and 106d associated with each ink tube 114a, 114b,
114c, and 114d, respectively, is supplied with ink from
different respective ink supply 118a, 118b, 118c, and
118d. For example, each such ink supply 118 may supply
a different color of ink. In addition, the vacuum generator
124 may include a separate vacuum regulator associated
with each ink tube 114 to provide a negative pressure
thereto via a corresponding line 123.
[0012] Further, the inkjet cartridges 106 may be dis-
tributed radially about the drum 102 so that that the
heights of the inkjet cartridges 106a, 106b, 106c, and
106d relative to the common ink supply 118 are different.
Each ink tube 114a, 114b, 114c, and 114d is associated
with one inkjet cartridge 106a, 106b, 106c, and 106d,
respectively. Further, each ink tube 114 is disposed at a
predetermined height above the inkjet cartridge 106 as-
sociated therewith. In one embodiment, such predeter-
mined height is related to the ambient air pressure where
such inkj et cartridge 106 is disposed. For example, at
sea level, each ink tube 114 is disposed such that the
distance between the ink level in the ink tube 114 and
the nozzle plate 110 of the inkjet cartridge 106 associated
with such ink tube 114 is approximately 35.5 cm (14 inch-
es). In some embodiments, the distance between a first
ink tube 114a and the nozzle plate 110a of a first inkj et
cartridge 106a supplied by such ink tube 114a may be
different than the distance between a second ink tube
114d and the nozzle plate 110d of a second inkjet car-

tridge 106d. Such difference in distance may be due to,
for example, the differences in height between such inkjet
cartridges and the common ink supply 118. For example,
in one embodiment of the printing system 100, the dis-
tance between the ink tube 114a and the nozzle plate
110a of the inkjet cartridge 106a that has the greatest
vertical distance from the ink supply 118 may be approx-
imately 43.2 cm (17 inches). In the same printing system
100, the distance between the ink tube 114d and the
nozzle plate 110d of the inkjet cartridge 106d that has
the least vertical distance from the common ink supply
118 may be approximately 35.5 cm (14 inches).
[0013] In some embodiments, the ink tube 114a sup-
plies ink to the inkjet cartridge 106a and other cartridges
disposed in the carrier 108 that are at a height substan-
tially identical to the height of the inkjet cartridge 106a.
Similarly, the ink tubes 114b, 114c, and 114d supply ink
to cartridges disposed in the carrier 108 that are at
heights substantially identical to the heights of the inkjet
cartridges 106b, 106c, and 106d, respectively.
[0014] Typically, the common ink supply 118 supplies
ink to a group of ink tubes 114. In some embodiments,
one common ink supply 118 supplies ink to all of the inkj
et cartridges 106 of a printing system 100 that print the
same color of ink. In other embodiments, the common
ink supply 118 supplies ink to a first group of the inkjet
cartridges 106 and one or more other ink supplies 118
(as shown in FIG. 1B) supply ink to a second group of
the inkjet cartridges 106.
[0015] Referring to FIG. 2A, the inkjet cartridge 106
has one or more input ports 128. For example, some
inkjet cartridges have an input port and an output or flush
port and such output port can be configured for use as a
second input port. In such a cartridge, ink is supplied from
the ink tube 114 to each input port 128 via the ink line 116.
[0016] The vacuum generator 124 includes an elec-
tronic vacuum regulator 130 and a mechanical vacuum
regulator 132. Such regulators 130 and 132 regulate a
vacuum generated by a common vacuum source (de-
scribed further below).
[0017] During normal operation, the ink tube 114 is
maintained at a negative pressure sufficient to prevent
ink from inadvertently escaping (or "drooling") from the
nozzle plates 110 of the inkjet cartridges 106 supplied
by such ink tube 114. To maintain such negative pres-
sure, the controller 126 operates the electronic vacuum
regulator 130 and opens a valve 150 to couple the ink
tube 114 to a line 158 via line 123. The valve 150 is a
multidirectional valve that may be operated to couple the
line 123 to either the line 158 or a line 156 that is coupled
via a valve 152 and a line 160 to the compressed gas
supply 121. In some embodiments, the electronic vacu-
um regulator 130 is operated to produce in the ink tube
114 a negative pressure in accordance with distance be-
tween the ink level in the ink tube 114 and the nozzle
plate 110 of the inkjet cartridge 106 supplied by such ink
tube 114. For example, if the distance between the level
of the ink in ink tube 114 and the nozzle plate 110 of the
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ink cartridge is 35.5 cm (14 inches), then the vacuum
generator 124 produces a pressure equivalent to approx-
imately -35.5 cm (14 inches) of water. If such distance is
43.2 cm (17 inches), then the vacuum generator produc-
es a pressure equivalent to approximate -43.2 cm (17
inches) of water. The amount of negative pressure in ink
tube 114 is predetermined based on average atmospher-
ic pressure in the environment where the printing system
100 is operated and further based on the pressure re-
quired to keep ink from inadvertently escaping from the
nozzles of the inkjet cartridges 106 of such printing sys-
tem 100 while at the same time minimizing the energy
required to eject a drop of ink from each nozzle. As de-
scribed above, the vacuum generator 124 may include
a different regulator therein for each different amount of
negative pressure supplied to the ink tubes 114.
[0018] The common ink supply 118 includes a recircu-
lating reservoir 200, an ink supply reservoir 202, and an
ink drum 204. The recirculating reservoir 200 supplies
ink to the ink tube 114 via the common ink line 120 (al-
though not shown, the ink line 120 is coupled to one or
more other ink tubes 114 of the printing system 100). The
recirculating reservoir 200 is maintained at a negative
pressure identical to that maintained in each ink tube 114
supplied thereby. In particular, a port 166 in the recircu-
lating reservoir 200 is connected to a line 168 and the
line 168 is connected to the electronic vacuum regulator
130, which maintains such negative pressure. In some
embodiments, a vacuum regulator is operated to adjust
the vacuum from the electronic vacuum regulator 130 as
necessary to maintain the desired vacuum in the recir-
culating reservoir 200.
[0019] A line 206 couples ullage 208 above ink 210 in
ink tube 114 with ullage 212 above ink 214 in the recir-
culating reservoir 200 to equalize pressure therebe-
tween. Valves 242 and 252, described below, are dis-
posed in the lines 120 and 206. The recirculating reser-
voir 200 is coupled to the supply reservoir 202 by a line
216. Specifically, one end 218 of the line 216 terminates
within the ink 214 in the recirculating reservoir 200. An-
other end 220 of the line 216 terminates within the ink
222 in the ink supply reservoir 202. The ink supply res-
ervoir 202 includes a port 224 that is open to the atmos-
phere to maintain the pressure inside the ink supply res-
ervoir 202 at atmospheric pressure.
[0020] The ink supply reservoir 202 is coupled to an
ink drum 204 by a line 226. During operating of the print-
ing system, a valve 228 is opened and a pump 229 op-
erates to transport ink from the ink drum 204 to the ink
supply reservoir 202. If, during operation of the printing
system 100, the ink drum 204 is depleted of ink, the ink
supply reservoir 202 may be decoupled therefrom by
closing the valve 228 and stopping operation of the pump
229. Thereafter, the ink drum 204 may be replaced and
the valve 228 opened and operation of the pump 229
resumed. The ink supply reservoir 202 holds a sufficient
quantity of ink that operation of the printing system 100
can continue uninterrupted while the ink drum 204 is re-

placed.
[0021] A pump 234 is disposed in fluid communication
with the line 120 to transport ink from the recirculating
reservoir 200 to the ink tube 114. It should be apparent
that additional components such as a degasser, filters,
and the like may also be disposed in fluid communication
with the line 120 to treat the ink as it is transported to the
ink tube 114.
[0022] An ink return line 236 is disposed between the
ink tube 114 and the recirculating ink reservoir 200. Spe-
cifically, one end 238 of the ink return line 236 is disposed
within the ink 210 in the ink tube 114. Another end 240
of the ink return line 236 is disposed in the ullage 212
above the ink 214 in the recirculating reservoir 200.
[0023] During operation of the printing system 100, the
controller 126 generates a negative pressure in the ink
tube 114 and the recirculating reservoir 200 as described
above and opens the valve 252 in the line 206 to equalize
the pressure between the ink tube 114 and the recircu-
lating reservoir 200. In addition, the controller opens the
valve 242 in the line 120 and operates the pump 234 to
allow ink to flow from the recirculating reservoir 200 to
the ink tube 114 via the line 120. The controller also opens
a valve 246 to allow ink to flow from the ink tube 114 to
the recirculating reservoir 200.
[0024] A dam 318 extends fully between inner surfaces
of the front and rear of the ink tube 114 and defines re-
gions 320 and 322 thereof. Ink supplied by the line 120
is deposited into the region 320. In addition, ink supplied
to the inkjet cartridges 106 is drawn from the region 320.
The dam 318 allows ink supplied to the ink tube 114 to
pool in the region 320 before overflowing into the region
322. During operation, sufficient ink is supplied to the ink
tube 114 that a level of the ink approximately identical to
the height of the dam 318 is maintained in the region 320.
Any ink beyond such level overflows into the region 322
and is returned to the recirculating reservoir 200 via the
line 236. The height of the dam 318 is selected such that
sufficient ink is maintained in the region 320 so that suf-
ficient ink is available to purge (as described below) the
inkjet cartridge 106 associated with the ink tube 114 and
the lines 116 therebetween.
[0025] In some embodiments, the dam 318 may in-
clude an aperture (not shown) that allows some flow of
ink between the regions 320 and 322. Such flow may
prevent the ink from stratifying and/or may prevent dis-
solved components of the ink from precipitating out. The
size of the aperture is selected that the flow of ink there-
through is not sufficient to prevent pooling of the ink in
the region 320.
[0026] Typically, the ink is continuously circulated be-
tween the ink tube 114 and the recirculating reservoir
200 during operation of the printing system 100. Further,
because the ink return line 236 deposits ink into the ullage
212 in the recirculating reservoir 200, any air in the de-
posited ink may be released into such ullage 212, from
where it may be removed by the vacuum generator 124.
In addition, air in the ink 210 may also migrate into the
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ullage 208 and be removed by the vacuum generator 124
via line 123.
[0027] As ink is ejected from the nozzles disposed on
the nozzle plate 110, a negative pressure differential is
created between the inkjet cartridge 106 relative to the
ink tube 114. Such pressure differential causes additional
ink to be drawn from the ink tube 114 via the ink line 116
into the inkjet cartridge 106. Such drawing of ink even-
tually results in a depletion of ink in the recirculating res-
ervoir 200 and additional ink is supplied thereto from the
ink supply reservoir 202 because of the pressure differ-
ence therebetween.
[0028] The ink lines 116 between the ink tube 114 and
the inkjet cartridges 106 are oriented substantially verti-
cally. Having the ink lines 116 in a vertical orientation
prevents bubbles in the ink that is transported there-
through from entering the inkjet cartridges 106. Instead,
any such bubbles migrate upward through the line and
into the ink tube 114. Further, as shown in FIG. 2A, the
two ends 248 and 250 of the ink line 120 terminate below
the levels of the ink 210 and 214, respectively. Disposing
the terminations 248 and 250 of the line 120 in this man-
ner minimizes formation of air bubbles in the ink.
[0029] Periodically, the ink from the inkjet cartridges
106 may need to be purged and/or the nozzles in the
nozzle plates 110 may need to be cleaned. To do so, the
controller 126 closes the valve 242 in the line 120, the
valve 246 in the line 236, and the valve 252 in the line
206 to decouple the ink tube 114 from the common ink
supply 118. Thereafter, the controller 126 operates the
valve 152 to couple the line 156 to the line 160 and the
valve 150 to couple the line 156 to the line 123. Gas from
the compressed gas source 121 is entered into the gas
line 123 and thereby into the ink tube 114. The com-
pressed gas in the ink tube 114 increases the pressure
therein and causes ink to be forcibly purged through the
nozzles in the nozzle plate 110 of the inkjet cartridge 106.
In some embodiments the increased pressure is main-
tained for a predetermined amount time. Typically, the
controller repeatedly operates the valve 152 so that ink
may be purged in bursts.
[0030] After the purging/cleaning cycle is complete, the
controller 126 operates the valve 152 to couple the line
162 to the line 156 and operates the mechanical vacuum
regulator 132. The pressurized gas from the ink tube 114
is evacuated through the mechanical vacuum regulator
132 without affecting the electronically controlled vacu-
um supplied to the rest of the system (e.g., the recircu-
lation reservoir 200 or other ink tubes 114 served by the
electronic vacuum regulator 130). After a predetermined
amount of time passes, the controller closes the valve
152 and operates the valve 150 to couple the line 123 to
the line 158 and thereby supply electronically regulated
vacuum to the ink tube 114 The controller 126 also opens
the valves 242, 246, and 252 to couple the ink tube 114
to the common ink supply 118 via the lines 120 and 206,
respectively.
[0031] The controller 126 monitors a signal from a sen-

sor 254 in the ink tube 114. If such signal indicates that
a level of the ink 210 in the ink tube 114 is higher than a
predetermined maximum level, the controller closes the
valve 242 and turns off the pump 234 and, if not already
open, opens the valve 246 in the ink return line 236 to
drain ink from the ink tube 114 into the recirculating res-
ervoir 200. Once the level of the ink 210 in the ink tube
114 reaches a level at or below the predetermined max-
imum level, the controller opens the valve 242 and re-
starts the pump 234. In some embodiments, the control-
ler may reduce flow through the pump 234 instead of
turning off such pump 234 and closing the valve 242.
[0032] Further, in one embodiment, if the signal from
the sensor 254 indicates that the level of the ink 210 is
below a predetermined minimum level, the controller 126
closes the valve 246 and operates the pump 234 to draw
additional ink until the level of the ink 210 is at least at
the predetermined minimum level. In another embodi-
ment, if the signal from sensor 254 indicates that the level
of the ink 210 is below the predetermined level, the con-
troller 126 generates an error to alert an operator to in-
vestigate and correct such situation.
[0033] In some embodiments, a sensor 260 is dis-
posed in the ink supply reservoir 202 to monitor the level
of the ink 222 therein. If the sensor 260 indicates that the
level of the ink 222 in the ink supply reservoir 202 is below
a predetermined level, the controller 126 operates (or
operates at a higher rate) the pump 229 to draw ink from
the ink supply reservoir 202 until the ink 222 reaches at
least the predetermined level.
[0034] Referring to FIG. 2B, in some embodiments, ink
is supplied to the recirculating reservoir 200 from the ink
drum 204 without the intermediary ink supply reservoir
202 described above. In particular, the pump 229 oper-
ates to draw ink from the ink drum 204 and supplies such
ink, via the valve 228 and the line 216 to the recirculating
reservoir 200. In some embodiments, a sensor 262 is
disposed in the recirculating reservoir 200 that monitors
the level of the ink 214 in the recirculating reservoir 200.
If the controller 126 receives a signal from the sensor
262 that the level of the ink 214 is below a predetermined
level, the controller 126 operates (or operates at a higher
rate) the pump 229 until the signal from the sensor 262
indicates that the level of the ink has reached at least the
predetermined level. In other ways, the embodiment of
the common ink supply 118 of FIG. 2B operates in a
manner that is identical to the embodiment of the com-
mon ink supply 118 of FIG. 2A.
[0035] Referring to FIG. 3, an ink tube 114 includes
ports 260, 262, 264, and 266 to connect the ink tube to
the lines 120, 206, 123, and 236 respectively. In some
embodiments, a line 268 is connected to the port 260
and a port 270 disposed at an end of the ink tube 114
opposite the ports 260-266 through which ink enters the
ink tube 114.
[0036] The ink tube 114 also includes a pair of ports
272a and 272b to which ink ports 128 of a first inkjet
cartridge 106 are coupled. If the inkjet cartridge 106 has
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only one ink port, it should be apparent to those having
skill in the art that the ink tube 114 would have only one
port associated with each cartridge supplied thereby.
Similarly, the ink tube 114 includes ports 274, 276, and
278 to connect to the ink ports 128 of second, third, and
fourth inkjet cartridges 106.
[0037] The ink tube 114 includes sight holes 280a and
280b that allow an operator to confirm the level of the ink
in the ink tube.
[0038] The region 320 of the ink tube 114 includes the
ports 272, 274, 276, and 278 that provide ink into the
lines 116. The region 322 includes the port 266 that pro-
vides ink into the ink return line 236 to return ink to the
recirculating reservoir 200. Further, the port 270 through
which ink from the recirculating reservoir 200 enters the
ink tube 114 is disposed in the region 320.
[0039] Referring to FIG. 4, some embodiments of the
ink tube 114 include a baffle 324 between each set of
ports 272, 274, 276, and 278. The baffle 324 may be a
screen or an apertured surface. The baffle 324 prevents
pressure disturbances from one inkjet cartridge connect-
ed to the ink tube 114, for example the cartridge 106a,
from interfering with the supply of ink to another inkjet
cartridge, for example ink cartridge 106b, connected to
the ink tube 114. The baffle may also reduce turbulence
in the ink 210 inside the ink tube 114.
[0040] Some embodiments of the ink tube 114 include
a pressure release valve 326 that may be operated to
release pressure from the ink tube 114. The pressure
release valve 326 may be operated by the controller 126
and/or manually by an operator.
[0041] During a period of power loss or when the sys-
tem is shutdown, the valves 242, 246, and 252 are closed
to isolate the ink tube 114 from the ink supply 118. Also,
the electronic vacuum regulator 130 includes an internal
valve that closes when power is lost, thereby locking the
vacuum in the recirculating reservoir 200.
[0042] Further, a mechanical regulator (not shown) is
coupled to the vacuum source 124 and the valve 150 and
produces negative pressure in the line 123. The mechan-
ical regulator maintains a sufficient negative pressure in
the ink tube 114 to prevent ink from drooling out of the
nozzle plate 110 of the inkjet cartridge 106. A valve (not
shown) couples a line from the vacuum source 124 to
the mechanical regulator that is normally closed and that
is opened when the power is lost.
[0043] Referring to FIG. 5, the pressured gas source
121 includes a supply of gas 600 that is pressurized to
a level between approximately 100 kPa (15 psi) and ap-
proximately 690 kPa (100 psi). Such pressurized gas is
delivered via a line 602, a filter 604, and a line 606 to a
pressure regulator 608. The pressure regulator 608 sup-
plies gas to the line 160 at a pressure of about 69 kPa
(10 psi). Other ways of supplying pressurized gas that
may be used will be apparent to those of skill in the art.
[0044] Referring to FIG. 6, one embodiment of the vac-
uum generator 124 includes a filter 700, a vacuum pump
702, and a vacuum accumulator 704 coupled in series.

The vacuum pump 702 draws air from the vacuum ac-
cumulator 704 and evacuates the drawn air through the
filter 700. The vacuum accumulator 704 provides a max-
imum vacuum to the mechanical vacuum regulator 132
and the electronic vacuum regulator 130 via lines 710
and 712, respectively. The mechanical vacuum regulator
132 reduces the vacuum provided thereto and supplies
such reduced vacuum to the line 162. Similarly, the elec-
tronic vacuum regulator 130 reduces the vacuum sup-
plied thereto and supplies such reduced vacuum to the
line 158. Valves 706 and 714 are disposed in the lines
710 and 712, respectively, to couple and decouple the
vacuum accumulator 704 from the mechanical vacuum
regulator 132 and the electronic vacuum regulator 130
when necessary. Other ways of generating a vacuum
that may be used will be apparent to those of skill in the
art.

INDUSTRIAL APPLICABILITY

[0045] Numerous modifications to the present disclo-
sure will be apparent to those skilled in the art in view of
the foregoing description. Accordingly, this description is
to be construed as illustrative only and is presented for
the purpose of enabling those skilled in the art to make
and use the embodiments disclosed herein and to teach
the best mode of carrying out same. The exclusive rights
to all modifications that come within the scope of the
present disclosure are reserved.

Claims

1. Apparatus for supplying ink to an inkjet cartridge
(106), comprising:

an ink reservoir (200), wherein the ink reservoir
(200) has ink (214) therein and ullage (212)
above the ink;
an ink tube (114), wherein the ink tube (114) has
ink (210) therein and ullage (208) above the ink;
and
a first fluid line (120) that couples the ink (214)
in the ink reservoir (200) with the ink (210) in the
ink tube (114);
a second fluid line (206) that couples the ullage
(212) above the ink in the ink reservoir (200) with
the ullage (208) above the ink in the ink tube
(114); and
a third fluid line (116) that supplies ink from the
ink tube (114) to the inkjet cartridge (106).

2. The apparatus of claim 1, further including a fourth
fluid line (116) that supplies ink from the ink tube
(114) to a further inkjet cartridge (106).

3. The apparatus of claim 1, further including a further
ink tube (114), wherein the further ink tube has ink
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therein and ullage above the ink, a fourth fluid line
that couples the ink in the further ink tube with the
ink in the ink reservoir (200), and a fifth fluid line that
supplies ink from the further ink tube to a further inkjet
cartridge (106).

4. The apparatus of claim 3, further including a sixth
fluid line that couples the ullage in the further ink tube
(114) with the ullage in the ink reservoir (200).

5. The apparatus of claim 1, further including an ink
return line (236) that couples the ink (210) in the ink
tube (114) with the ullage (212) above the ink in the
ink reservoir (200).

6. The apparatus of claim 5, wherein the ink tube (114)
comprises a dam (318) therein that separates the
ink tube (114) into a first region (320) and a second
region (322), the first fluid line (120) being coupled
to the first region (320), and the ink return line (236)
being coupled to the second region (322).

7. The apparatus of claim 1, wherein the ink reservoir
(200) is coupled to a source of ink (204), wherein the
source of ink (204) may be decoupled from the ink
reservoir (200) without interrupting supply of ink to
the inkjet cartridge (106).

8. A method of operating an ink supply for an inkjet
cartridge (106), wherein the ink supply comprises an
ink reservoir (200) and ink tube (114), each having
ink therein and ullage above the ink, the method com-
prising the steps of:

coupling the ink (214) in the ink reservoir (200)
with the ink (210) in the ink tube (114);
coupling the ullage (212) above the ink in the
ink reservoir (200) with the ullage (208) above
the ink in the ink tube (114); and
supplying ink from the ink tube (114) to the inkjet
cartridge (106).

9. The method of claim 8, further including the step of,
if the level of ink in the ink tube (114) exceeds a
predetermined threshold, returning ink from the ink
tube (114) to the ink reservoir (200) until the level of
ink in the ink tube (114) is at or below the predeter-
mined threshold.

10. The method of claim 8, wherein the ink tube (114) is
separated into a first region (320) and a second re-
gion (322), further including the steps of depositing
ink from the ink reservoir (200) into the first region
(320), and returning ink in the second region (322)
to the ink reservoir (200).

11. The method of any of claims 8 to 10, further including
the step of maintaining the ink tube (114) at a pre-

determined negative pressure.

12. The method of claim 11, further including the step of
maintaining the ink reservoir (200) at the predeter-
mined negative pressure.

13. The method of claim 11 or claim 12, wherein the
amount of negative pressure is controlled in accord-
ance with the atmospheric pressure in the environ-
ment where the inkjet cartridge (106) is operated.

14. The method of any of claims 8 to 13, including the
further step of circulating ink continuously between
the ink tube (114) and the ink reservoir (200) during
operation of the inkjet cartridge (106).

15. The method of any of claims 8 to 14, including the
further step of increasing the pressure in the ink tube
(114) to force ink to the inkjet cartridge (106).
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